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•  A  rapid  and  simple  method  was 
developed  for  large-scale  preparation 
of  Pt— Pd  hollow  nanospheres  sup¬ 
ported  on  RGO  nanosheets. 

•  No  surfactant,  seed,  or  template  was 
involved  during  the  mild  synthetic 
process. 

•  The  as-prepared  nanocomposites 
displayed  the  enhanced  electro- 
catalytic  activity  and  stability  for 
methanol  oxidation. 
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Shape-controlled  synthesis  of  bimetallic  catalysts  attracts  increasing  attention,  because  their  catalytic 
performance  is  closely  correlated  with  the  size,  shape  and  crystal  structure.  In  this  report,  a  rapid  and 
simple  route  is  developed  for  large-scale  synthesis  of  Pt— Pd  hollow  nanospheres  (Pt— Pd  HNSs)  sup¬ 
ported  on  reduced  graphene  oxide  nanosheets  (RGOs)  under  mild  conditions,  while  no  surfactant,  seed, 
or  template  is  involved.  The  as-prepared  nanocomposites  display  the  improved  electrocatalytic  activity 
and  better  stability  for  methanol  oxidation  in  alkaline  media,  compared  with  commercial  Pt  black  and  Pd 
black  catalysts.  This  work  may  open  a  new  route  for  construction  of  Pt-based  bimetallic  catalysts  in  fuel 
cells. 

©  2014  Elsevier  B.V.  All  rights  reserved. 


1.  Introduction 

Fuel  cells  are  promising  green  energy  sources  for  future  energy 
conversion  devices  [1].  Among  them,  significant  attention  is 
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focused  on  direct  methanol  fuel  cells  (DMFC),  owing  to  their 
practical  energy  density,  compact  design  and  easy  refueling  [2,3]. 
For  their  potential  commercialization,  there  are  still  several  ob¬ 
stacles  unsolved  such  as  slow  reaction  kinetics,  methanol  crossover 
and  large  electrode  overpotential  [4,5].  For  improving  their  utili¬ 
zation  efficiency,  a  variety  of  hierarchical  nanostructures  have  been 
synthesized  with  specific  morphology,  including  spheres  [6,7], 
wires  [8,9],  flowers  [10],  cubes  [11],  and  plates  12].  Among  them, 
hollow  nanostructures  provide  the  enhanced  catalytic  performance 
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and  utilization  efficiency  because  of  their  lower  density  and  higher 
surface  area,  unlike  their  solid  counterparts  [13]. 

Furthermore,  bimetallic  catalysts  have  synergistic  effects  on  the 
improved  catalytic  activity  and  strong  poisoning  resistance  [14- 
lb].  Particularly,  Pt-Pd  alloy  nanostructures  are  significant  for 
their  enhanced  catalytic  performance  as  catalysts  [15,17].  For 
example,  Wang  et  al.  [18]  synthesized  the  Pt-Pd  bimetallic  nano¬ 
dendrites  with  a  good  catalytic  activity.  To  date,  many  methods 
have  been  developed  such  as  wet-chemical  synthesis  [6,18],  elec¬ 
trochemical  deposition  [19],  thermal  treatment  [20],  and  self- 
assembly  [21]. 

Graphene  provides  a  large  electrode  surface  area  and  high 
electric  conductivity  for  its  two-dimensional  structures  [22,23], 
and  is  usually  used  as  an  attractive  support  for  loading  metal 
nanoparticles  with  the  following  aspects  of  advantages  [24,25]. 
Firstly,  graphene  can  fix  and  well  disperse  a  catalyst,  which  are 
beneficial  to  keep  the  catalyst  with  original  shape,  size,  and  surface 
state  [26].  Secondly,  the  graphene  supporting  catalyst  exhibits  a 
significant  decrease  in  Brownian  motions,  causing  poor  colloidal 
stability  and  thereby  easy  recycling  from  the  reaction  media, 
compared  with  the  isolated  catalyst  [26]. 

Recently,  graphene-based  metal  nanostructures  offer  a  new 
class  of  catalysts,  which  show  improved  catalytic  performance  in 
fuel  cells  [27].  For  methanol  oxidation,  Li  and  co-workers  [6]  pre¬ 
pared  porous  Pt-Pd  nanospheres  anchored  on  reduced  graphene 
oxide  nanosheets  (RGOs).  Meanwhile,  Lu  et  al.  [28]  synthesized 
PtPd  nanocubes  deposited  on  graphene  with  the  improved  activity 
and  durability. 

Herein,  we  develop  a  rapid  and  facile  approach  to  prepare  Pt-Pd 
hollow  nanospheres  (Pt-Pd  HNSs)  supported  on  RGOs  via  a  one- 
pot  synthetic  strategy  without  any  surfactant,  seed,  or  template. 
The  as-prepared  nanocomposites  display  the  improved  electro¬ 
chemical  performance  for  methanol  oxidation  in  alkaline  media, 
and  thereby  can  be  used  as  a  promising  catalyst  in  fuel  cells. 

2.  Experimental 

2.1.  Chemicals 

Graphite  powder  (99.95%,  8000  mesh),  chloroplatinic  acid 
(H2PtCl6),  palladium  chloride  (PdCl2),  Pt  black  and  Pd  black  cata¬ 
lysts  were  purchased  from  Shanghai  Aladdin  Chemistry  Co.  Ltd 
(China).  All  other  chemicals  were  of  analytical  grade  and  used  as 
received. 

2.2.  Preparation  of  the  RGOs/ Pt-Pd  HNSs 

Graphene  oxide  (GOs)  was  prepared  from  natural  graphite 
powder  via  acid-oxidation  based  on  the  modified  Hummers’ 
method  [6,29].  After  removal  of  residual  salts  and  acids,  the 
resultant  dispersion  was  ultrasonicated  to  obtain  exfoliated  GOs. 

For  synthesis  of  the  RGOs/Pt-Pd  HNSs,  the  aqueous  solution  of 
the  GOs  suspension  was  ultrasonicated  for  at  least  30  min.  Then, 
5.0  mL  of  the  GOs  suspension  (0.5  mg  mL-1),  1.5  mL  of  H2PtCl6 
(10  mM),  1.5  mL  of  PdCl2  (10  mM),  and  0.5  mL  of  NaOH  (0.1  M) 
solutions  were  mixed  together  under  stirring.  After  homogeneous 
mixing,  0.5  mL  of  freshly  prepared  ascorbic  acid  (AA,  0.1  M)  solution 
was  slowly  added  to  the  mixed  solution  under  stirring.  The  mixture 
was  heated  in  a  water-bath  at  60  °C  for  30  min  without  any 
agitation.  The  final  products  were  collected  by  centrifugation, 
thoroughly  washed  with  water  and  ethanol,  and  dried  in  vacuum 
for  further  characterization.  For  comparison,  RGOs/Pt  and  RGOs/Pd 
nanocomposites  were  prepared  in  a  similar  way,  only  using  H2PtCl6 
or  PdCl2  as  precursors,  while  other  conditions  were  kept 
unchanged. 


2.3.  Characterization 

The  morphology  and  structure  of  the  products  were  character¬ 
ized  by  transmission  electron  microscope  (TEM)  and  high  resolu¬ 
tion  TEM  (HR-TEM)  on  a  JEM-2100F  transmission  electron 
microscope  operating  at  an  accelerating  voltage  of  200  kV.  The 
elemental  mappings  were  recorded  on  the  scanning  transmission 
electron  microscope  with  a  high-angle  annular  dark- field  (HAADF- 
STEM)  detector  operating  at  30  kV  (HITACHI  S-5500).  The  chemical 
composition  was  examined  by  using  energy  dispersive  spectros¬ 
copy  (EDS)  with  Vantage  Digital  Acquisition  Engine  (Thermo  Noran, 
USA).  The  crystal  structures  were  determined  by  X-ray  diffraction 
(XRD,  Rigaku  Dmax-2000  diffractometer)  with  Cu  Ka  radiation. 
Fourier  transform  infrared  (FT-IR)  spectra  were  recorded  on  a 
Nicolet  NEXUS670  Fourier  transform  infrared  spectrometer.  X-ray 
photoelectron  spectra  were  acquired  by  using  a  Thermo  Scientific 
Escalab  250  K- Alpha  XPS  spectrometer  with  Al  Ka  X-ray  radiation 
(1486.8  eV).  Raman  spectra  were  recorded  on  a  Renishaw  Raman 
system  model  1000  spectrometer,  with  a  He/Ne  laser  (633  nm). 
Thermogravimetric  analysis  (TGA)  was  performed  on  a  simulta¬ 
neous  thermo-gravimetric  analyzer  (NETZSCH  STA  449C).  The 
samples  were  heated  under  air  atmosphere  from  room  tempera¬ 
ture  to  800  °C  at  a  rate  of  10  °C  min-1. 

2.4.  Electrochemical  measurements 

The  electrochemical  measurements  were  conducted  with  a 
conventional  three-electrode  cell  on  a  CHI  660D  electrochemical 
workstation  (CH  Instruments,  Chenhua  Co.,  Shanghai,  China),  in 
which  a  bare  or  modified  glassy  carbon  electrode  (GCE,  3  mm  in 
diameter)  was  used  as  working  electrode,  a  Pt  foil  as  counter 
electrode,  and  a  saturated  calomel  electrode  (SCE)  as  reference 
electrode,  respectively. 

For  preparation  of  the  RGOs/Pt-Pd  HNSs  modified  electrodes, 
2  mg  of  the  RGOs/Pt-Pd  HNSs  was  placed  into  1.0  mL  of  water  and 
dispersed  by  ultrasonication  for  30  min  to  obtain  a  homogeneous 
suspension  (2  mg  mL-1).  Next,  6  pL  of  the  suspension  was  casted 
onto  the  electrode  surface  with  a  microsyringe  and  dried  at  room 
temperature.  Similarly,  the  RGOs/Pt,  RGOs/Pd,  Pt  black  and  Pd  black 
catalysts  modified  electrodes  were  fabricated  under  the  same 
conditions.  The  specific  load  of  each  catalyst  was  0.17  mg  cm-2  on 
the  electrode  surface. 

To  investigate  the  electrocatalytic  activity  and  stability  of  the 
RGOs/Pt-Pd  HNSs  modified  electrode,  electrochemical  experi¬ 
ments  were  performed  in  1.0  M  NaOH  containing  1.0  M  methanol  at 
a  scan  rate  of  50  mV  s-1. 

3.  Results  and  discussion 

TEM  and  HR-TEM  experiments  confirm  the  formation  of  the 
RGOs/Pt— Pd  HNSs  (Figs.  1A  and  2A).  The  Pt-Pd  HNSs  are  clearly 
anchored  on  the  RGOs  with  an  average  diameter  of  170  ±  1  nm, 
based  on  the  associated  size  distribution  histogram  (inset  in 
Fig.  1  A).  Meanwhile,  the  HAADF-STEM  image  verifies  the  formation 
of  the  shell-like  structures,  exhibiting  an  internal  cavity  with  the 
shell  thickness  of  ca.  50  nm  (inset  in  Fig.  IB).  HAADF-STEM-EDS 
measurements  were  performed  to  get  more  information  about 
the  elemental  distribution  in  the  Pt-Pd  HNSs.  As  shown  in  Fig.  IB, 
the  cross-sectional  compositional  line  profiles  reveal  hollow 
structures  [30]  and  a  homogeneous  distribution  of  Pt  and  Pd  in  a 
single  nanosphere,  which  is  consistent  with  the  XPS  measurements 
(Fig.  3).  The  EDS  elemental  mapping  images  confirm  uniform  dis¬ 
tribution  of  Pt  and  Pd  again  (Fig.  1C-E).  In  addition,  HR-TEM  image 
(Fig.  2B)  shows  clear  lattice  fringes  with  the  lattice  spacing  distance 
of  0.230  nm,  corresponding  to  the  (111)  planes  of  face-centered 


5.-5.  Li  et  al.  /  Journal  of  Power  Sources  254  (2014)  U9-125 


121 


Fig.  1.  TEM  images  of  the  RGOs/Pt-Pd  HNSs  (A)  and  the  corresponding  particle  size  distribution  histogram  (inset  in  Fig.  1  A).  Cross-sectional  compositional  line  profiles  of  a  Pt-Pd 
HNSs  (B)  and  the  HAADF-STEM  image  of  a  Pt-Pd  HNSs  (inset  in  Fig.  IB,  scale  bar  indicates  100  nm).  HAADF-STEM-EDS  mapping  images  of  the  Pt  (C),  Pd  (D),  and  Pt-Pd  (E)  elements, 
respectively. 


cubic  (fee)  Pt-Pd  alloy  [31].  Meanwhile,  their  good  crystallinity  is 
demonstrated  by  the  selected  area  electronic  diffraction  (SAED) 
pattern  (inset  in  Fig.  2B). 

A  possible  formation  mechanism  of  inside-out  Ostwald  ripening 
is  proposed  to  describe  the  template-free  formation  of  the  Pt-Pd 
HNSs  [32].  At  the  initial  stage,  amorphous  solid  nanospheres  are 
formed  by  reducing  the  precursors.  With  the  extension  of  time,  the 
outer  layer  of  the  nanospheres  first  crystallizes  for  its  direct  contact 
with  surrounding  reaction  media.  As  a  result,  its  inner  part  has  a 
strong  tendency  to  dissolve,  which  provides  the  driving  force  for 
spontaneous  inside-out  Ostwald  ripening.  The  dissolution  process 
could  initiate  at  regions  either  near  the  outer  part  or  the  inner  core 


to  produce  hollow  spheres,  presumably  depending  on  the  packing 
of  primary  particles  and  ripening  characteristics. 

As  displayed  in  Fig.  2C,  EDS  spectrum  verifies  the  coexistence  of 
Pt  and  Pd  in  the  Pt-Pd  nanospheres,  where  the  molar  ratio  of  Pt  to 
Pd  is  ca.  1:1.  Besides,  the  elements  of  C,  O,  and  Cu  are  also  detected. 
Specifically,  the  peak  of  C  comes  from  the  RGOs  and  supporting  film 
of  the  copper  mesh,  while  the  existence  of  oxygen  signal  is  due  to 
incomplete  reduction  of  the  GOs  [33].  Additionally,  the  signals  of  Cu 
are  attributed  to  the  copper  mesh  used  for  the  TEM  tests. 

XRD  measurements  confirm  good  crystallinity  of  the  RGOs/Pt- 
Pd  HNSs  (Fig.  2D,  curve  a),  as  supported  by  the  SAED  pattern.  The 
representative  diffraction  peaks  at  40.2°,  46.7°,  68.2°,  82.1°,  and 
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Fig.  2.  HR-TEM  (A,  B)  images  of  the  RGOs/Pt-Pd  HNSs  and  the  SAED  patterns  marked  in  different  positions.  EDS  pattern  of  the  RGOs/Pt-Pd  HNSs  (C).  XRD  patterns  (D)  of  the  RGOs/ 
Pt-Pd  HNSs  (curve  a),  Pt  black  (curve  b),  Pd  black  (curve  c),  and  pure  GOs  (curve  d)  samples,  respectively. 


86.7°  are  assigned  to  the  (111 ),  (200),  (220),  (311 ),  and  (222)  planes 
of  Pt-Pd  alloy  [34,35],  respectively,  which  are  located  between 
commercial  Pt  black  (Fig.  2D,  curve  b)  and  Pd  black  (Fig.  2D,  curve  c) 
catalysts,  confirming  the  alloy  formation  between  Pt  and  Pd. 
Notably,  the  relative  intensity  of  the  (111 )  to  (200)  planes  is  slightly 


larger  for  the  RGOs/Pt-Pd  FINSs  (1.94),  compared  with  Pt  black 
(1.75)  and  Pd  black  (1.83)  catalysts,  suggesting  that  the  Pt-Pd  HNSs 
are  dominated  by  the  (111 )  planes.  These  results  agree  well  with  the 
HR-TEM  and  SAED  analysis,  indicating  that  these  structures  might 
have  special  crystallographic  orientation.  Meanwhile,  a  broad 


Fig.  3.  XPS  survey  (A),  and  high  resolution  Pt  4f  (B),  Pd  3d  (C),  and  C  Is  (D)  spectra  of  the  RGOs/Pt-Pd  HNSs. 
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Fig.  4.  FT-IR  (A)  and  Raman  (B)  spectra  of  the  RGOs/Pt-Pd  HNSs  (curve  a)  and  pure  GOs  (curve  b)  samples,  respectively. 


diffraction  peak  at  23°  is  detected,  different  from  the  GOs  sample 
with  a  strong  peak  at  11°  corresponding  to  the  (002)  planes  of  the 
GOs  (Fig.  2D,  curve  d). 

XPS  analysis  was  employed  to  investigate  the  surface  chem¬ 
istry  modifications  of  the  RGOs/Pt— Pd  HNSs.  As  illustrated  in 
Fig.  3 A,  the  main  XPS  peaks  at  74,  288,  336,  and  533  eV  are 
assigned  to  Pt  4f,  C  Is,  Pd  3d,  and  O  Is  in  the  survey  spectrum, 
respectively.  The  elemental  amounts  of  C,  O,  Pt,  and  Pd  are  60.85, 
16.42, 12.08,  and  10.65,  respectively.  Furthermore,  the  molar  ratio 
of  Pt  to  Pd  is  about  1:1,  which  is  in  accordance  with  the  EDS  re¬ 
sults  (Fig.  2C). 

As  showed  in  Fig.  3B,  Pt  4f  can  be  deconvoluted  into  two  pairs  of 
peaks,  i.e.,  71.5  eV  (Pt  4f7/2),  74.8  eV  (Pt  4f5/2),  72.8  eV  (Pt  4f7/2),  and 

76.8  eV  (Pt  4f5/2),  which  are  assigned  to  metallic  Pt  and  Pt2+  [36,37], 
respectively.  However,  the  Pd  3d  peak  can  be  deconvoluted  into 
only  one  pair  of  peaks  (Fig.  3C),  i.e.,  335.4  eV  (Pd  3d5/2),  and 

340.8  eV  (Pd  3d3/2),  which  are  assigned  to  metallic  Pd  [36,37].  By 
measuring  their  relative  peak  intensities,  it  is  found  that  the 
metallic  Pt  and  Pd  are  the  predominant  species,  which  are  associ¬ 
ated  with  the  enhanced  methanol  oxidation  and  electrochemical 
activity  [37].  Besides,  the  peak  at  284.8  eV  is  attributed  to  the 
binding  energy  of  C  1  s,  which  can  be  further  separated  into  three 
peaks  at  284.8,  286.6,  and  287.6  eV  (Fig.  3D),  corresponding  to  the 
C=C,  C — O,  and  C=0  groups  [38,39].  The  peaks  related  to  the  ox¬ 
ygen  functionalities  are  much  weaker  in  the  present  system, 
compared  with  the  C=C  peak,  indicating  efficient  reduction  of  the 
GOs.  The  XPS  analysis  confirms  effective  assembly  of  the  Pt-Pd 
HNSs  on  the  surface  of  the  RGOs. 

Furthermore,  FT-IR  and  Raman  spectra  are  two  powerful  tools  to 
characterize  graphene-based  catalysts.  For  the  RGOs/Pt-Pd  HNSs 
(Fig.  4A,  curve  a),  there  are  two  weak  peaks  and  a  strong  broad  one 


observed  at  1627, 1060,  and  3417  cm-1  in  the  FT-IR  spectra,  which 
are  attributed  to  the  skeletal  vibration  of  C=C,  stretching  vibration 
of  C-0  [40],  and  O— H  stretching  vibration  of  C-OH  and  water  [41  ], 
respectively.  These  observations  are  different  from  the  GOs  (Fig.  4A, 
curve  b),  where  the  peaks  related  to  the  oxygen  functionalities  are 
much  stronger  in  comparison  with  the  C=C  peak.  It  indicates 
complete  removal  of  oxygen-containing  functional  groups  from  the 
RGO  surfaces. 

Similarly,  the  Raman  spectrum  of  the  RGOs/Pt-Pd  HNSs  displays 
two  strong  peaks  at  1340  and  1594  cm-1  (Fig.  4B,  curve  a),  corre¬ 
sponding  to  the  D  and  G  bands,  respectively.  Meanwhile,  the  G  band 
is  broadened  and  red  shifted,  unlike  those  from  the  GOs  (Fig.  4B, 
curve  b)  and  graphite  samples  [42].  Moreover,  the  intensity  ratio 
(denoted  as  7d//g,  Table  SI,  Supporting  information)  is  slightly 
increased  for  the  RGOs/Pt-Pd  HNSs,  suggesting  well  preservation  of 
the  graphene  with  highly  crystalline  structures  even  after  chemical 
deposition  of  the  Pt-Pd  nanocatalysts  [31,43].  This  is  important  to 
achieve  good  electrical  conductivity  in  the  nanocomposites. 

TGA  analysis  was  performed  to  check  the  weight  loss  of  the 
RGOs/Pt-Pd  HNSs  (Fig.  SI,  curve  a,  Supporting  information).  The 
weight  loss  below  200  °C  is  attributed  to  the  loss  of  water  absorbed 
on  the  graphene  nanosheets  and  the  removal  of  some  oxygenated 
functional  groups.  Impressively,  the  weight  loss  is  much  lower  in 
the  temperature  range  of  200-600  °C,  compared  with  the  GOs 
under  the  same  conditions  (Fig.  SI,  curve  b,  Supporting 
information).  It  means  the  decrease  of  oxygenated  functional 
groups  on  the  graphene  [37,44].  Additionally,  the  load  of  the  Pt-Pd 
HNSs  is  about  90  wt%. 

The  CO-stripping  voltammogram  was  recorded  to  evaluate  the 
electrochemically  active  surface  area  (EASA)  of  a  catalyst,  assuming  a 
value  of  210  pC  cm-2  for  the  oxidation  of  a  CO  monolayer  [6,28,37,45] 


E/V  E/V 


Fig.  5.  CO-stripping  voltammograms  of  the  RGOs/Pt-Pd  HNSs  (A)  and  Pt  black  (B)  catalysts  modified  electrodes  in  0.5  M  H2S04  at  a  scan  rate  of  50  mV  s  l 
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Fig.  6.  Cyclic  voltammograms  of  the  RGOs/Pt-Pd  HNSs  (curve  a),  RGOs/Pt  (curve  b), 
RGOs/Pd  (curve  c),  Pt  black  (curve  d)  and  Pd  black  (curve  e)  catalysts  modified  elec¬ 
trodes  in  the  presence  of  1.0  M  methanol  in  1.0  M  NaOH. 


0  25  50  75  100 

Cycle  numbers 

Fig.  8.  Forward  peak  current  density  (jF)  as  a  function  of  the  potential  scanning  cycles 
of  the  RGOs/Pt-Pd  HNSs  modified  electrode  in  the  presence  of  1.0  M  methanol  in  1.0  M 
NaOH.  Inset  shows  the  corresponding  20th  and  100th  cyclic  voltammograms. 


EASA(m2  g-1)  =  Q/(m  x  210) 

where  Q  is  the  charge  of  CO  desorption  electrooxidation  in  micro¬ 
coulomb  (pC)  and  m  represents  the  load  of  metal  (g).  The  EASA  of 
the  RGOs/Pt-Pd  HNSs  (Fig.  5A)  is  about  18.5  m2  g_1,  which  is  much 
larger  than  that  of  Pt  black  catalyst  (16.6  m2  g-1)  (Fig.  5B).  Besides, 
the  onset  potential  of  the  RGOs/Pt-Pd  HNSs  (0.423  V)  shifts 
negatively,  compared  with  that  of  the  Pt  black  catalyst  (0.524  V). 

Fuel  cells  operating  in  alkaline  conditions  have  several  impor¬ 
tant  advantages,  such  as  the  improved  reaction  kinetics,  less  cor¬ 
rosive  environment  to  the  electrodes,  and  high  transfer  rate  of 
species  to  the  anode  [21,46-48].  So,  the  cyclic  voltammograms 
(CVs)  of  the  RGOs/Pt-Pd  HNSs  were  recorded  in  1.0  M  NaOH  con¬ 
taining  1.0  M  methanol  (Fig.  6,  curve  a).  The  onset  potential  and 
forward  peak  potential  negatively  shift.  The  forward  peak  current 
density  (jp)  is  ca.  28  mA  cm-2,  which  is  much  higher  than  those  of 
the  RGOs/Pt  (0.88  mA  cm-2,  Fig.  6,  curve  b),  RGOs/Pd 
(0.38  mA  cm-2,  Fig.  6,  curve  c),  Pt  black  (24  mA  cm-2,  Fig.  6,  curve  d) 
and  Pd  black  (15  mA  cm-2,  Fig.  6,  curve  e)  catalysts  under  the  same 
conditions.  These  results  indicate  the  enhanced  electrocatalytic 
activity  of  the  RGOs/Pt-Pd  HNSs,  owing  to  the  special  structures  of 
the  RGOs/Pt-Pd  HNSs  with  more  active  sites  available. 

The  stability  of  the  RGOs/Pt-Pd  HNSs  was  investigated  by 
chronoamperometry  at  an  applied  potential  of  -0.3  V  in  the  elec¬ 
trolyte  of  1.0  M  methanol  +  1.0  M  NaOH  (Fig.  7,  curve  a),  in  which 
the  polarization  current  slowly  decreases  at  the  initial  stage.  The 
anodic  current  density  is  higher  than  those  of  the  RGOs/Pt  (Fig.  7, 
curve  b),  RGOs/Pd  (Fig.  7,  curve  c),  Pt  black  (Fig.  7,  curve  d),  and  Pd 
black  (Fig.  7,  curve  e)  catalysts  modified  electrodes.  These  results 


0  300  600  900 

Time  /  s 

Fig.  7.  Chronoamperometric  curves  of  the  RGOs/Pt-Pd  HNSs  (curve  a),  RGOs/Pt  (curve 
b),  RGOs/Pd  (curve  c),  Pt  black  (curve  d)  and  Pd  black  (curve  e)  catalysts  modified 
electrodes  in  the  presence  of  1.0  M  methanol  in  1.0  M  NaOH  at  -0.3  V. 


demonstrate  the  improved  electrocatalytic  activity  and  superior 
stability  of  the  RGOs/Pt-Pd  HNSs.  Employing  the  of  the  20th  cycle 
on  the  RGOs/Pt-Pd  NSs  as  the  reference,  the  jp  remains  at  99%  after 
100  cycles  (Fig.  8),  further  revealing  better  stability  of  the  RGOs/Pt- 
Pd  HNSs. 

4.  Conclusions 

A  simple  and  rapid  one-pot  method  was  developed  for  large- 
scale  fabrication  of  the  RGOs/Pt-Pd  HNSs  under  mild  conditions, 
without  using  any  seed,  surfactant,  or  template.  The  electro¬ 
chemical  measurements  demonstrated  that  the  RGOs/Pt-Pd  HNSs 
had  the  enhanced  catalytic  activity  and  better  stability  toward 
methanol  oxidation  because  of  the  enlarged  surface  area  and 
improved  electrical  conductivity.  The  as-developed  method  opens 
a  new  way  for  design  and  construction  of  other  catalysts  in  fuel 
cells. 
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